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  The aim of this study was the investigation of the possibilities of direct determination 
of calcium, sodium and potassium in the commercial and kombucha-based fermented 
milk products by flame photometry. Two procedures were used for sample preparation: 
simple dilution with water (direct method) and extraction with mineral acid. Calcium, so-
dium and potassium levels determined after mentioned sample preparation methods were 
compared. The results showed that the differences between the values obtained for the 
different sample treatment were within the experimental error at the 95% confidence le-
vel. Compared to the method based on extraction with mineral acid, the direct method is 
efficient, faster, simpler, cheaper, and operates according to the principles of Green Che-
mistry. Consequently, the proposed method for the direct determination of calcium, sodi-
um and potassium could be applied for the rapid routine analysis of the mineral content 
in the fermented dairy products. 
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INTRODUCTION 
 
  Milk and dairy products are composed of macronutrients (proteins, lipids and sugars) 
contributing to their nutritional and biological values. They contain also micronutrients 
like minerals and vitamins. These minerals and vitamins, which are quantitatively minor 
compounds, are not sources of energy but are essential for the life because they contribu-
te to multiple and different vital functions in the organism, like bone structure, homeosta-
sis, muscular contraction, metabolism via the enzymatic systems, etc. The mineral frac-
tion of milk (approximately 8–9 g/l) is composed of macroelements (Ca, Mg, Na, K, P 
and Cl) and oligoelements (Fe, Cu, Zn and Se) (1, 2). Macroelements are differently dis-
tributed in the aqueous and micellar phase of milk, depending of their nature. The mono-
valent cations, Na
+ and K
+, are present mainly in the free form and only to a limited ex-
tent in the form of ion pairs. The divalent cations, Ca
2+ and Mg
2+, play the role in the 
physicochemical properties of casein micelles, such as gelation induced by acid and ren-
net, heat stability, ethanol stability and sediment formation (3). 
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  Calcium is an essential macronutrient for humans, which represents approximately 
2% of body weight in an adult person (4). This element has mainly a structural function 
in bones and teeth, along with the regulation of many vital biological functions. More re-
cently, the interest in calcium has centered on its role in preventing osteoporosis. It is 
known that the highest demands for this element occur during the periods of maximum 
growth such as in childhood and adolescence, and also during lactation and in the elderly. 
No less than 75% of calcium in many western diets originates from milk. The bioavaila-
bility of calcium and magnesium in milk is considered to be excellent since the intestinal 
absorption of these nutrients is facilitated by lactose (5). Moreover, it has been demon-
strated by in vitro and in situ experiments that phosphopeptides, released during the di-
gestion of casein micelles, increase the concentration of soluble calcium in the intestine 
and enhance calcium absorption.  
  Sodium and potassium concentrations in the body are 1.4 g/kg and 2 g/kg, respecti-
vely (6) Sodium is present mostly as an extracellular constituent and maintains the os-
motic pressure of the extracellular fluid. In addition, it activates some enzymes, such as 
amylase. From the nutritional standpoint, only the excessive intake of sodium is of im-
portance because it can lead to hypertension. Milk is not a rich source of sodium, so that 
the contribution of milk and dairy products to the intake of sodium is modest. Potassium 
is most common cation in the intracellular fluid. It regulates the osmotic pressure within 
the cell and is involved in cell membrane transport and also in the activation of a number 
of glycolytic and respiratory enzymes (6). Potassium deficiency causes muscular weak-
ness, mental confusion, and abnormalities in the electrocardiogram (5). Potassium is the 
most abundant cation in eukaryotic cells and is thus amply supplied when intact or mo-
derately altered tissues from plant or animal foods are consumed. Milk and yogurt, as 
well as nuts, are also excellent sources of potassium.  
  Several analytical techniques have been used to quantify some minerals in milk and 
derivates, mainly flame photometry (7), flame atomic absorption spectrometry (8), ato-
mic emission spectrometry (9), and inductively-coupled plasma mass spectrometry (10). 
Most of the analytical techniques used to determine the specific mineral content require 
the minerals to be dissolved in an aqueous solution. For this reason, it is often necessary 
to isolate the minerals from the surrounding organic matrix, prior to the analysis. This is 
usually carried out by dry or wet decomposition of the samples in open or closed systems, 
using thermal, ultrasonic, infrared, and microwaves energy. Sample preparations is time 
limiting, requiring ca. 61% of the total time to perform the complete analysis, and is 
responsible for 30% of the total analysis error (11). Nowadays, the goals to be reached 
are the best results in the shortest time, with minimal contamination, low reagent and 
energy consumption, and generation of minimal residue or waste. So, the main goal of 
this study was to investigate the possibilities of direct determination of calcium, sodium 
and potassium in the fermented milk products by flame photometry.. 
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EXPERIMENTAL 
 
Chemicals 
 
  Hydrochloric acid 36.5% was purchased from Centrohem (Stara Pazova, Serbia), lan-
thanum (III) oxide and calcium carbonate were purchased from Merck (Darmstadt, Ger-
many) while sodium chloride and potassium chloride were purchased from Alkaloid 
(Skoplje, Macedonia). All used chemicals were of analytical reagent grade. 
 
Apparatus 
 
  The determination of calcium, sodium and potassium was carried out by flame photo-
metry using Evans Electroselenium LTD flame photometer (Halstead, Essex, England) in 
air-butane flame. 
 
Samples 
 
  Thirteen samples of fermented milk products were used. Nine of them were commer-
cial products purchased in local market, while four samples were obtained by the fermen-
tation of cow’s milk with kombucha cultivated on black, stinging nettle, mint tea and 
winter savory tea, respectively, as previously described (12). The analyzed samples are 
given in Table 1. 
 
Table 1. Overview of analyzed samples 
 
  Sample type  Starter cultures 
1.  “AB” yogurt  Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
Lactobacillus acidophilus LA-5 
Bifidobacterium BB-12 
2.  “Viva” yogurt  Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
Bifidobacterium lactis HNO-19 
3.  “Balans +” yogurt  Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
Lactobacillus acidophilus LA-5 
Bifidobacterium BB-12 
4.  „Zdravo“ yogurt   Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
5.  „Dukat“ yogurt   Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
6.  „Dukat b-aktiv LGG natur“ yogurt  Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
Lactobacillus rhamnosus ATCC 53103 
7.  „Balans +“ kefir  Mesophilic and probiotic kefir cultures  
8.  „Ella“ yogurt  Lactobacillus delbrueckii subp.bulgaricus 
Streptococcus thermophilus 
9.  „Danone Activia“ yogurt  Selected yogurt cultures 
Bifidus actiregularis 
10.  Kombucha based milk product 1  Inoculum of kombucha cultivated on black tea 
11.  Kombucha based milk product 2  Inoculum of kombucha cultivated on stinging nettle tea 
12.  Kombucha based milk product 3  Inoculum of kombucha cultivated on mint tea 
13.  Kombucha based milk product 4  Inoculum of kombucha cultivated on winter savory tea APTEFF, 43,1-342 (2012)    UDC: 637.146:[546.41+546.32/.33 
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Sample preparation 
 
  In order to investigate the possibility of using the direct method for the determination 
of calcium, sodium and potassium in the fermented milk products by flame photometry 
two procedures were used for the sample preparation. 
 Direct  method:  After the homogenization by mixing, 2.5 g of the sample was trans-
ferred to a calibrated flask, 2 cm
3 of 10% solution of lanthanum was added and diluted to 
a final volume of 50 cm
3 with distilled water. 
  Extraction with mineral acid was performed using modified methods of Blay & 
Simpson (13). An amount of 2.5 g of the homogenized sample was boiled for 10 minutes 
with 10 cm
3 of 6 mol/dm
3 hydrochloric acid with reflux. The solution was cooled to room 
temperature and transferred to a calibrated flask. After addition of 2 cm
3 of 10% solution 
of lanthanum, the sample was diluted to the final volume of 50 cm
3 with distilled water, 
filtered, and the resulting solution was used for the analysis.  
 
Quantitative determination 
 
  The quantitative determination of potassium, sodium and calcium were performed 
using the method of calibration curve, defined for each element and for the two sample 
preparation procedure. Since, the matrix of the samples prepared by two different metho-
ds is different, the standard solutions were prepared with and without hydrochloric acid. 
The calibration curves were defined based on seven points. The concentration of potassi-
um, sodium and calcium ranged within 2.769-110.76 mg/l, 2.482-99.28 mg/l and 4.763-
190.52 mg/l, respectively.  
  The characteristics of the obtained analytical curves are presented in Table 2. 
 
Table 2. Characteristics of the calibration curves of calcium, sodium and potassium 
 
 Concentration 
range (mg/l) 
Standard 
solution 
Dependence
a Correlation 
coefficient 
Ca  4.763-190.52 
without HCl  y=0.4085·c+0.1999  0.9999 
with HCl  y=0.4031·c+0.9242  0.9979 
Na  2.482-99.28 
without HCl  y=-0.0068·c
2+1.4053·c+8.3862 0.9951 
with HCl  y=-0.0063·c
2+1.4331·c+4.0366 0.9989 
K  2.769-110.76 
without HCl  y=-0.0047·c
2+1.1731·c+5.2530 0.9986 
with HCl  y=-0.0037·c
2+1.1486·c+0.1086 0.9994 
a y - flame photometer reading, c- concentration in mg/l 
 
 
RESULTS AND DISCUSSION 
 
  The results for the determination of calcium, sodium and potassium in the samples of 
fermented milk products obtained without sample pre-treatment (direct method) and after 
the sample preparation by extraction with hydrochloric acid are given in Table 3. 
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Table 3. Content of Ca, Na and K (mg/l) in fermented milk products 
 
Sample  Ca (mg/l)  Na (mg/l) K  (mg/l) 
DM EX DM  EX DM EX 
1 1205.14  1295.14  458.28  542.20  1488.22  1581.20 
2 1153.75  1243.75  476.79  625.80  1371.85  1443.40 
3 1102.29  1205.62  422.89  569.00  1334.82  1407.20 
4 1102.32  1205.30  405.96  596.80  1371.85  1407.56 
5 1165.20  1219.60  319.02  516.60  1441.16  1479.00 
6 1459.00  1542.20  525.19  688.00  1682.00  1794.20 
7 1167.32  1249.20  374.49  516.60  1445.70  1543.82 
8 1213.24  1290.74  436.22  542.20  1441.26  1543.40 
9 1214.20  1290.00  436.47  569.00  1441.16  1513.80 
10 1133.40  1149.20  373.67  424.00  1486.06  1576.40 
11 1180.11  1218.92  413.70  468.16  1463.86  1517.07 
12 1183.40  1219.60  432.80  468.60  1464.06  1516.20 
13 1182.14  1219.44  431.63  492.20  1509.68  1516.49 
  DM – direct method; EX – extraction with hydrochloric acid 
 
  The calcium, sodium, and potassium levels determined without sample pre-treatment 
(direct method) in thirteen fermented milk samples were compared with those obtained 
after the sample preparation by extraction with hydrochloric acid. A two-tailed t-test 
showed that the obtained results were in agreement at 95% confidence level, meaning 
that at the chosen significance level, the differences between the values obtained for the 
different sample treatment were within the experimental error. Consequently, the direct 
method as a faster, simpler and cheaper procedure could be applied for the rapid routine 
analysis of the mineral content in the fermented dairy products. 
  The most abundant mineral in the analyzed samples was potassium, with a content 
from 1334.82 to 1794.20 mg/l, the calcium content was in the range of 1102.32-1524.20 
mg/l, whereas the sodium content was the lowest (319.02-688.00 mg/). The obtained re-
sults are in agreement with the previously published data (8). According to the results, the 
fermented milk products are rich sources of Ca and K and a medium source of sodium. 
From the health point of view, adequate intakes of potassium are needed to counter the 
high intakes of sodium. Therefore, a dietary balance between potassium and sodium is 
needed to maintain efficient cellular functions that require potassium ions. For the pre-
vention and treatment of hypertension, attention has to be given to the importance of low 
dietary Na/K ratio rather than to the Na restriction alone. It should be stressed in this re-
gard that the Na/K ratio in fermented milk products is favorable. Moreover, fermented 
milk products could act as an alternative source of mineral for sufferers of lactose into-
lerance. 
  The measured mineral contents were correlated among themselves. The results of 
ANOVA test showed that sample 6, with the highest content of Ca, Na and K, was signi-
ficantly different in terms of potassium and calcium content, at a 95% confidence level. 
Considering the fact that different labeled starter were used in the manufacture of analy-APTEFF, 43,1-342 (2012)    UDC: 637.146:[546.41+546.32/.33 
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zed commercial fermented milk products can be assumed that the reason was the used 
starter cultures, Lactobacillus rhamnosus GG (ATCC 53103). It could be concluded that 
the inoculums of kombucha cultivated on different kinds of tea used to manufacture the 
fermented milk products did not influence the concentration of calcium, sodium and 
potassium. However, in order to check the influence that the employment of different 
probiotic microorganisms can exert on the mineral composition of fermented milk pro-
ducts, more extensive research has to be performed.  
 
 
CONCLUSION 
 
  According to the results shown in this paper, the determination of calcium, sodium 
and potassium in samples of fermented milk products by flame photometry could be done 
after simple dilution with water. The proposed method for the direct determination of 
macroelements content in fermented milk samples is simple, fast, efficient, and it opera-
tes according to the principles of Green Chemistry. As a consequence, the analytical costs 
and reagents consumption are reduced. 
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ДИРЕКТНО ОДРЕЂИВАЊЕ КАЛЦИЈУМА, НАТРИЈУМА И 
КАЛИЈУМА У ФЕРМЕНТИСАНИМ МЛЕЧНИМ ПРОИЗВОДИМА 
 
Снежана Ж. Кравић*, Звонимир Ј. Сутуровић, Ана Д. Ђуровић, Тања Ж. Брезо, 
Спасенија Д. Милановић, Радомир В. Малбаша и Владимир Р. Вукић 
 
Универзитет у Новом Саду, Технолошки факултет, Булевар цара Лазара 1, 21000 Нови Сад, Србија 
 
  У оквиру овог рада испитана је могућност директног одређивања калцијума, 
натријума  и  калијума  пламеном  фотометријом  у  комерцијалним  ферментисаним 
млечним производима и млечним производима на бази комбухе. Припрема узорака 
за анализу је изведена на два начина: разблаживањем дестилованом водом (директ-
на метода) и екстракцијом са минералном киселином. Садржаји калцијума, натри-
јума и калијума одређени након примене наведених метода припреме узорка су ме-
ђусобно статистички упоређени. Резултати су показали да су разлике између вред-
ности добијених за различите поступке припреме узорка у оквиру експерименталне 
грешке уз 95% вероватноћу. У поређењу са методом заснованом на екстракцији ми-
нералном киселином, директна метода је ефикасна, бржа, једноставнија и јефтини-
ја, а такође задовољава принципе зелене хемије. Стога би се предложена метода за 
директно  одређивање  калцијума,  натријума  и  калијума  пламеном  фотометријом 
могла применити за брзо рутинско одређивање садржаја макроелемената у фермен-
тисаним млечним производима. 
 
Kључне речи: калцијум, натријум, калијум, ферментисани млечни производи 
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